This paper deals with the kinematic synthesis of manipulator. A new method based on distributed solving is used to determine the dimensional parameters of a general manipulator which is able to reach a set of given tasks speci ed by orientation and position. First, a general Distributed Solving Method (DSM) is presented in three steps : the problem statement, the objective functions formulations and the minimum parameters values determination. Then, this method is applied to solve the synthesis of Denavit and Hartenberg set of parameters of a manipulator with a given kinematic structure. In this case, the kind and the number of joints are speci ed and a set of constraints are included such as joint limits, range of dimensional parameters and geometrical obstacles avoidance. We show that if the Denavit and Hartenberg parameters (DH) are known, the synthesis problem is reduced to an inverse kinematic problem. We show also how the problem of robot base placement can be solved by the same method. A general algorithm is given for solving the synthesis problem for all kind of manipulators. The main contribution of this paper is a general method for kinematic synthesis of all kind of manipulators and some examples are presented for a six degrees of freedom manipulator in cluttered environment.
Introduction
The kinematic synthesis problem can be de ned as nding a set a parameters of a mechanism or a manipulator which allow it to reach a goal. This problem is known as the inverse problem by opposition the forward problem which is de ned as an analysis problem. The synthesis problem was very large investigated problem since the 1970. For very simple cases, an analytical solution may be obtained. But for general 6 dof manipulators , no analytical solution exists. A lot of works attempt to solve this problem numerically 1], 2], 3], 4].
In the last few years a new research paradigm has come into the international scienti c area. The Distributed Arti cial Intelligence and multi-agent system has gained major importance as a paradigm for computer scientists. The word agent 5] is used to designate an intelligent entity, acting rationally and intentionally with respect to its own goals and to the current state of its knowledge. We focused on distributed problem solving where tasks are initially speci ed and distributed among several agents. We show in 6] that this method is able to solve numerically the inverse kinematics problem of all serial manipulators. Our idea was to consider each body of the manipulator as an agent usefully cooperating towards the same collective purpose, which is reaching the position and the orientation of the end e ector. Thanks to this dialogue between agents, the placing of the end e ector is performed by successive stages. Based on the same idea, we make the structural Denavit-Hartenberg parameters free to take any value included in some range, and the problem becomes now, compute all joints four DH parameters (three are constant and one variable) which satisfy the set of speci ed task goals. The rst part of this paper is devoted for a brief summary of the Distributed Solving Method (DSM) and for a mathematical formulation of the problem including the constraints. Then the iterative process describing the method is detailed before the presentation the three kind of synthesis problems. The next part deals with solving structural parameters synthesis for an known architecture manipulator able to reach all the speci ed task goals with at least one solution.
In the conclusion section, we show the limits of the DSM and the feature which can be done to improve this method by taking into account other criterion such as redundancy, workspace maximization, kinematic and dynamic isotropy, ...
Distributed Solving Method (DSM)
The basic idea is to make the end e ector of the manipulator reaching the speci ed task goal by minimizing the distance between a tool frame and a goal frame. So, we have to consider that each joint associated with a link is an agent able to move doing its best to participate for achieving this global aim. The distance between the tool and the goal frame is formulated by a Frobenius norm of a matrix representing the di erence between two paths. The rst path joins the base and the goal frames and the second one binds the goal frame to the base one as shown in gure 1. 
This allows us to solve the problem of where the base of robot should be placed to carry out the task in crowded environment 7] . So, the problem formulation gives us a (4n + 12) dimensional space formed by the product of the structural (3n), the joint (n), the base (6) and the task spaces (6) . A manipulator or a mechanism and its instantaneous posture represent a point of this global space.
Kinematic synthesis problem 2.2.1 Kinematic structure equations
The kinematic constraints involved in the design problem can be formulated in set of kinematic structure equations which are given in a general form as following: 
It is obvious that, if the structural parameters are known and the base frame is de ned, the set of unknowns is reduced to :
The problem becomes than an inverse kinematic problem of n degrees of freedom manipulator for a set of k tasks 8] . In another hand, if the base frame is de ned, the number of unknowns will be (3 + k) n. The main idea of the distributed formulation is to consider at each step a sub problem of the global synthesis problem in order to get the analytical expressions of the structural and joint variables which are the best to make the i th joint reaching its local goal (see gure 2). 
Distance Metrics
Assuming an inertial reference frame and length scale for physical space have been chosen, each frame can be assigned to an element of the special Euclidean group SE(3). The problem of precisely closeness between frames then is reduced to the equivalent mathematical problem of de ning a distance metrics in SE (3) . Any number of arbitrary distance metrics can be de ned 9] but some features make the metrics more physically meaningful. Since any distance metrics combines position and orientation, one would like the metric to be F. B.Ouezdou & S. R gnier scale-invariant. So, in this paper, we base the measure on the Frobenius norm of a matrix kMk with a length scale L de ned by Wampler 10] such as:
with L the characteristic length which is de ned as the maximum Euclidean norm of absolute end e ector position.
Distributed objective functions
In order to solve the kinematic synthesis problem, we have to minimize the distance between the tool frame and the task goal frame. This distance can be expressed by using a Frobenius norm of the matrix j Mi which represents the di erence between the current position and the desired position. Using the local projection of the structure equation (9), this matrix can be expressed as:
We de ne the matrix j M0 which should be equal to zero as:
The 
Minimum values of parameters
Solving the kinematic synthesis problem becomes determining the values of the structural and joint parameters which minimize the global objective functions given below. So, we have now to compute the analytical expressions of the parameters giving a minimum value of each objective function.
Joint parameter
The expression of the objective function F i can be written by omitting the task index j as: 
Variable Constraints
In several kinematic synthesis problems, we have to take into account some constraints on the variables. These can be formulated with some penalty functions. We show here how we can solve the problem of joint limits, obstacle avoidance by including penalty functions.
Variables Range
The structural and joint variables can be limited in a such domain. The joint variables should satisfy joint end stops for instance. Some length must be included between a minimum value and a maximum one and so on. Assuming that each space is a discrete one, a general formulation can be written for the two kind of variables. 
Complex Environment
The manipulator should have a free collision trajectory in its environment. We show here that, by using the same formulation that of variable range, we can include the obstacles with a penalty functions in the distributed optimization process.
Obstacle Modelisation
In order, to show how this kind of problems can be solved, we use a simpli ed models of The manipulator is assumed to be formed by a set of thickness lines. This kind of a assumptions for obstacles and manipulator are not restrictive because a real obstacle can be always approximated by a union of box primitives. The thickness of the manipulator links can be corrected by increasing the box obstacles dimensions.
Penalty Function
The penalty function should be proportional to the constraint violation. The manipulator has to avoid passing through the obstacle. We de ne a function which is equal to 1 if the manipulator intersect with the obstacle and zero other wise. The intersection length L will be integral over the manipulator length of this function. So, the objective function expression for the i th joint is:
3 General Algorithm
We show that the main assumption of the DSM, is that at each step, only one variable is optimized. So a general algorithm should use this formulation by changing the whole problem of kinematic synthesis which is a multi-variables optimization to a multi-univariable optimization.
The method was implemented with Ada programming language using the multi-task concept. The Ada Language o ers facilities to model tasks. Tasks are entities which execution proceed in parallel in the following sense. Di erent tasks proceed independently, except at points where they synchronize. The general algorithm is given by gure (3):
Results
To illustrate the DSM capabilities, a kinematic synthesis of a general 6R manipulator with obstacle avoidance and a robot base placement problems are treated. table 4 and re-compute the new position and orientation of the base of the 6R realizable manipulator in order to reach the same trajectory described below ( Table 1 ). The results show that it is necessary to make "small" change in the position and the orientation to take into account the "small" modi cations of the initial DH parameters ( Table 3) . The results are given by table 5.
Discussion
Due to the fact that at each step of our algorithm, only one parameter is modi ed, the DSM is less optimal than usual numerical algorithms from computation time point of view. Using MIPS (Million Instructions Per Second) ratio, a comparison with last works dealing with the Kinematic Synthesis Problem (KSP) 4], 11] and the Robot Base Placement (RBP) 2] was carried out. The results given on table 6, show that the proposed method is less e cient but the computation times taken are not so di erent. In another hand, the DSM is a general method able to solve In this paper, a general method for kinematic synthesis of general manipulators is presented. The method is based on Distributed Solving Algorithm using multi-agent concept. A general formulation of the kinematic synthesis problem allows us to solve several problems: the inverse kinematic problem, the determination of the structural parameters of a manipulator which is able to reach an unlimited set of positions and orientations and the robot base placement problem in cluttered environment. At each step of the algorithm, only one variable is optimized which leads us to get the analytical expression of the optimal value of this parameter. This method was tested for the design of a general 6R manipulator achieving a prescribed trajectory and for a robot base placement problem. The method is less e cient than usual numerical algorithms. However, it is independent from the number of tasks and does not need a feasible initial guess. The further developpements will concern the improvement of the method by using better initial values and including some optimization criteria to get an optimal solution. 
